Summary.-The carcinogenicity of 250 chemicals in 2 species, usually the rat and the mouse, was obtained from the published literature through 3 independent sources.
THE RECENT INTEREST in short-term tests for carcinogenicity has focused attention on the predictability of such tests for carcinogenicity as defined by animal studies. Several studies have been undertaken to establish the correlation between short-term test results and animal carcinogenicity (McCann et al., 1975; Purchase et al., 1978) . The test systems with the best results (Salmonella microsome assay and cell transformation assay) have correlations with each other and with animal studies of between 85 and 950.
Some reasons for the lack of 100% correlation with animal data, i.e. the false negatives and false positives, can be found in the design and execution of either the animal or the short-term tests. In addition, differences in the end-point or differences in metabolism, diffusion and transport barriers and the state of the cellular targets in the two types of test system may contribute to the anomalies generated by the various methods. It is thus not surprising that chemicals can produce effects in in vitro tests, with their imposed artificiality, which will not be seen in vivo. Also, depending on the criteria used to judge the results of animal carcinogenicity studies, the classification of chemicals as carcinogens or non-carcinogens affects the correlation.
It is conventional to place greater reliance on extrapolating results to man from the results from tvpical long-term in vivo studies in mammals than from in vitro studies using mammalian cells or unicellular organisms. The reason for this is partly the differences in end-points described above, but it also derives from a greater experience with mammalian carcinogenicity studies and the greater apparent relevance of the tumours generated in animal studies as a model of carcinogenicity in man. These arguments are not based on systematic study, and therefore provoke the questioni, "Is the reliance on animal carcinogenicity models warranted? " Differences in the expression of carcinogenic effects between mammalian species do occur, and these are due not only to details of experimental design, but also to critical differences between species. It is apparent that extrapolation of susceptibility to chemical carcinogenicity from animals to man is just one form of inter-species comparison, and this has been studied mainly from the converse point of view of demonstrating which human carcinogens have proved to be carcinogenic in animals (Tomatis et al., 1978) . This review compares carcinogenicity data from experiments in 2 species of mammals (particularly rats and mice) as a step towards understanding the relevance of such data from one species when predicting the carcinogenicity of that compound in a second species. A similar, but smaller, review was carried out by Tomatis et al. in 1973 (Hartwell & Shubik, 1951 -1973 . By reference to the index, the chemicals which had been tested in more than one species were identified. The most comprehensive study in each species was identified from Hartwell and Shubik's summary tables. The data in the original publication were examined according to the "decision tree" described below. If a positive effect was observed, No. of chemicals with at least one common site in both species (%) 15 (58) 40 (67) 15 (65) 70 (64) in rats only and 5 (2%) having results from other species. When a comparison is made of the major target organs affected in both species, only 64% of chemicals are found to produce cancer at the same site in both species (Table II) .
DISCUSSION
The most important reason for testing chemicals for carcinogenicity is to provide information on which an assessment of potential human carcinogenicity can be made. A judgment on the effectiveness of the animal tests in identifying human carcinogens could best be made by identifying which human carcinogens are also carcinogenic in animals. This is not very satisfactory for two reasons: firstly, only 26 specific causes of human cancer have been identified (of which only 19 can be attributed to a single chemical; Tomatis et al., 1978) so that few comparisons can be made. Secondly, most human carcinogens were first identified by clinical or epidemiological methods, and subsequent animal experiments were designed to find a suitable model for studying the carcinogenic effects. This approach is substantially different from that of testing a compound of unknown activity. Nevertheless, there remain 2 compounds considered to be associated with the induction of human cancer (Tomatis et al., 1978) which have not been shown unequivocally to be animal carcinogens, namely arsenic and benzene.
In examining other inter-species com- Tables II and III, except "carcinogenic in all species tested", but it is not possible to estimate the magnitude of the effect. The second problem is that opinions and interpretations of the same data on the carcinogenicity of chemicals often differ. To reduce the bias likely from this source, several steps have been taken. The IARC Monograph Series, being the opinions of expert committees, are least likely to be affected by bias. The NCJ Bioassay Programme reports published in the Federal Register are summaries of the data presented in the full reports, which have been reviewed by the Data Evaluation/Risk Assessment Subgroup of the Clearinghouse on Environmental Carcinogens (a U.S. National Cancer Institute committee). The opinion subject to the least review is that expressed in Appendix 3 on the chemicals selected from "Survey of chemicals which have been tested for carcinogenicity". The outline of the method used to classify them is given in the methods section.
The third problem is the difficulty of being satisfied that a chemical is noncarcinogenic on the basis of animal experiments. It is always possible that higher doses, longer survival, greater numbers of dose groups or animals, different strains, species or routes of administration or any of the many factors affecting the outcome of a carcinogenicity study will give a positive result. The opinions of noncarcinogenicity given in Table III refer to the specific studies examined. Similarly, the IARC and NCI reports confine themselves to statements such as, "under the conditions of this study photodieldrin was not carcinogenic to Osborn-Mendel rats or B6C3F1 mice".
It is clear from the information obtained from three separate sources that there are a substantial number of compounds which, although carcinogenic in one species, have not been shown to be carcinogenic in a second species. There are differences in the number of chemicals falling into the various categories depending on the source of the data. Thus, very few chemicals which are non-carcinogenic in 2 species are seen in the IARC series, probably reflecting the philosophy of selection of chemicals for review. There are few chemicals in Appendix 3 which are negative in one species and positive in the second; this is because most of the chemicals in this category selected from the "Survey of chemicals which have been tested for carcinogenicity" had been reported on in the IARC Monographs and were therefore omitted from Appendix 3. For these reasons the most significant figures are those which combine the information from all three sources. Of the 250 chemicals for which data in 2 species are available, 109 (440 %) were carcinogenic in both species, 98 (390o) were non-carcinogenic in both species and 43 (17%) were carcinogenic in one species and non-carcinogenic in the other.
Another way of expressing this information is that of 126 chemicals found to be positive in the rat, 109 (87 %) were positive in the mouse; and of the 119 chemicals found to be negative in the rat 98 (82%) 4.57 were negative in the mouse. Similarly, of the 130 chemicals found to be positive in the mouse, 109 (84%) were positive in the rat: and of the 115 chemicals negative in the mouse 98 (85%) were negative in the rat. This suggests that a chemical positive in one species has about an 85% chance of being positive in a second species. A similar figure was obtained in the review by Tomatis et al. (1973) . Cooper et al. (1979) have provided a method of expressing the usefulness of short-term tests for carcinogenicity which involves calculation of the specificity and sensitivity of a test. Similar calculations can be made for these long-term animal studies. As a predictor of carcinogenicity in the mouse, the rat carcinogenicity study has a specificity of 85.2% and a sensitivity of 83 8%. The mouse carcinogenicity study has a specificity of 82.4% and a sensitivity of 86.5% as a predictor of rat carcinogenicity. These figures taken on their own can be misleading, as the overall predictive value of a test result is also dependent on the prevalence of carcinogens among the chemicals tested. If the chemicals tested had a 10% prevalence of carcinogens the predictive value for both rat and mouse results would be 27%.
The reasons for differences in carcinogenicity and organ specificity between the results in the 2 species, when they occurred, are not readily apparent. Factors such as differences in metabolism and metabolic products may well contribute to these differences. Where the route of administration has been different in the 2 species tested, this may also contribute to differences in response, though there are many examples in Appendices 1, 2 and 3 where this is not so.
One important feature of the results is that where differences in carcinogenicity between 2 species are obtained, the chemicals concerned may share certain structural characteristics. Thus, there are several chlorinated pesticides which are positive in mice but negative in rats; 1, ],2-trichlorethane and 1, 1,2,2-tetrachlorethane are negative in rats but positive in mice. In these cases metabolic pathways and mechanisms of action may account for the difference in response. As has been suggested for short-term tests (Ashby & Purchase, 1977) this may be a useful way of improving extrapolation of results to other species, particularly when appropriate positive and negative control data are available to assist in the extrapolation. Accurate extrapolation to man requires an intimate knowledge of the metabolism and mode of action of the chemical in the species selected for laboratory tests and knowledge of whether the key features established in the laboratory animal are also present in man.
In most cases, knowledge of the metabolic fate of a chemical in man is imperfectly understood, and it is against this background that extrapolation is frequently made. Possibly the only additional evidence that can be used in the extrapolation is the lack of inter-species variability in laboratory tests (or consistency). Thus a chemical carcinogenic in all species tested and in all in vitro mutagenic assays could be considered to be more likely to be carcinogenic in an untested species. Another chemical, negative in all but one test, would be less likely to be carcinogenic in an untested species. Using this argument, N-nitrosodiethylamine, carcinogenic in 8 species, is more likely to be carcinogenic in man than isonicotinic acid hydrazide, which is carcinogenic in mice but not in rats and hamsters. As in all simple rules, there will be exceptions (e.g. 2-naphthylamine, a potent carcinogen in man, is carcinogenic in 3 laboratory species but negative in rats and rabbits).
Nevertheless, information on the mode of action, metabolism and pharmacokinetics, and on the results from chemicals with similar critical structural features, together with data on consistency, will provide a better basis for extrapolation than the simple assumption that a carcinogenic response in one species indicates carcinogenic hazard in man. MCCANN 43 (1978) 39431 43 (1978) 30356 43 (1978) 16417 43 (1978) 8189 43 (1978) 43564 43 (1978) 41285 43 (1978) 40548 43 (1978) 2942 43 (1978) 51451 43 (1978) 25534 42 (1977) 8854 43 (1978) 50741 43 (1978) 49574 43 (1978) 45645 43 (1978) 12951 43 (1978) 20562 43 (1978) 43074 43 (1978) 42043 43 (1978) 19463 43 (1978) 
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